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SPECIFICATION 



ELECTRODE AND CELL 



Technical Field 

The invention relates to an electrode and a cell having 
a power generating element in which positive and negative elec- 
trodes are alternately closely arranged via electrolyte retain- 
ing layers for retaining an electrolyte, such as separators. 

Background Art 

A cell (a chemical cell of the active material retaining 
type and including a primary cell and a secondary cell) com- 
prises usually power generating elements in each of which posi- 
tive and negative electrodes are closely arranged via separa- 
tors. A separator is an insulator which is used for separating 
such positive and negative electrodes from each other, and 
which can be impregnated with an electrolyte solution. In a 
cell of the wound type, for example, a positive electrode and 
a negative electrode each of which consists of a single strip 
are wound via two strip separators, thereby forming a power 
generating element. In a layer built cell, plural positive and 
negative electrodes having a thin plate-like shape are stacked 
via plural sheet separators, thereby forming a power generating 
element. A power generating element which is wound or stacked 
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as described above is provisionally fastened with a tape or the 
like and the power generating element is housed and pressed in 
a tough cell container consisting of a metal can or the like 
in order to prevent the electrodes and the separators from 
5 being separated from each other to change the inter-electrode 
distance , or the overlapping of the electrodes and the separa- 
tors from being misaligned. 

In a power generating element of a cell of the prior art, 
however, electrodes and separators are closely contacted with 

10 one other by the tape fastening, the pressurizing by using a 
cell container, and the like so as to form a substantially 
gapless state. Therefore, there is a problem in that, even 
when an electrolyte solution is poured into a cell container, 
permeation of the electrolyte solution gradually advances with 

15 starting from edge portions of the separators which are exposed 
from the surface of the power generating element, and a pro- 
longed time period is required for sufficiently dispersing the 
electrolyte solution into a center portion of the power gener- 
ating element. This problem is produced in both a primary cell 

20 and a secondary cell, or commonly arises in all kinds of cells, 
including cells of the wound type and the layer built type. 
Particularly, the problem is noticeable in a cell having a 
large electrode area. 

A technique has been proposed in which, in a cell which 

25 does not substantially generate a gas between electrodes during 
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a charging process, such as a non-aqueous electrolyte secondary 
cell, positive and negative electrodes are fixed to separators 
interposed among the electrodes, thereby integrating a power 
generating element. In the case where a power generating ele- 
5 ment is integrated, even when the power generating element is 
not pressed by fastening with a tape or the like nor by housing 
in a cell container or the like, there is no fear that the 
inter-electrode distance is changed or the overlapping of the 
electrodes and the separators is misaligned. Therefore, such 

10 a power generating element can be housed in a flexible sheet- 
like cell container. 

When a power generating element is integrated as described 
above, however, electrodes and separators are completely 
closely contacted with one other so as to form a perfect ga- 

15 pless state. In a non-aqueous electrolyte secondary cell, a 
microporous plastic film is usually used as a separator. As 
compared with a separator configured by non-woven fabric or the 
like, therefore, the penetration rate of the electrolyte solu- 
tion is lowered. In such a case, therefore, there arises a 

2 0 problem in that the diffusion rate of the electrolyte solution 
is lower than that in a usual cell. 

In some non-aqueous electrolyte secondary cells, a gas is 
generated between electrodes, only in an initial charging proc- 
ess . Consequently, a work of extracting the generated gas may 

2 5 be sometimes conducted by evacuating a cell container in which 
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a power generating element is housed, poring an electrolyte 
solution into the container, performing a preliminary charging 
process, and then again evacuating the container. In such 
evacuating processes, therefore, there arises also a problem 
5 in that the gas extraction from a power generating element is 
inferiorly performed. 

In such a cell, furthermore, a separator and an electrode 
interface are bonded to each other by an adhesive agent con- 
taining a solvent, and hence a step of removing the solvent 
10 contained in the adhesive agent is required in the production 
of the cell. In this step, heat drying, vacuum drying, vacuum 
heat drying, or the like is used, and therefore there is a 
problem in that a prolonged time period is required for remov- 
ing a solvent. 

15 In a cell in which electrodes and separators are disposed 

in close proximity to one another, it is seemed that an elec- 
trolyte solution is impregnated through a section of each sepa- 
rator, and hence there is a problem in that a prolonged time 
period is required even when a technique such as vacuum impreg- 

2 0 nation is used. 

The invention has been conducted in view of such circum- 
stances. It is an object of the invention to provide an elec- 
trode in which a groove is formed in a face of the electrode, 
whereby diffusion of a poured electrolyte solution into a power 

2 5 generating element, gas extraction from the power generating 
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element, and the rate of removing a solvent can be improved, 
and also a cell using such an electrode. 



Disclosure of Invention 
5 In order to solve the problems, (1) the invention is char- 

acterized in that, in an electrode for a cell having a power 
generating element in which one or more positive electrodes and 
one or more negative electrodes are alternately closely ar- 
ranged via electrolyte retaining layers for retaining an elec- 

10 trolyte, such as separators, a groove is formed in an opposed 
face of at least one of the electrodes , the opposed face being 
opposed to the other electrode via an electrolyte retaining 
layer, at least one end of the groove reaching an end portion 
of the electrode. According to means (1), a groove is formed 

15 in an opposed face of at least one of the electrodes. There- 
fore, a poured electrolyte solution permeates not only into the 
electrolyte retaining layer through a side face of the power 
generating element, but also directly into the power generating 
element through the groove, so that the electrolyte solution 

2 0 can permeate therethrough into the electrolyte retaining layer 
and the active material of the electrode. As a result, the 
diffusion rate of the electrolyte solution is improved. 

Furthermore, (2) the electrode is characterized in that, 
in an electrode for a cell having a power generating element 

25 in which one or more positive electrodes and one or more nega- 
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tive electrodes are alternately closely arranged via electro- 
lyte retaining layers, a groove is formed in a surface of at 
least one of the electrodes, the surface being opposed to the 
other electrode via an electrolyte retaining layer, at least 
5 one end of the groove reaching an end portion of the electrode. 

Furthermore, (3) it is characterized in that the groove 
of (1) or (2) above has a portion of a depth of 10 Jim or more. 

Alternatively, (4) it is characterized in that, in the 
electrode of means (1) or (3) above, a sectional area of the 
10 formed groove is not smaller than 0.2% and not larger than 10% 
of a total sectional area of a mixture layer in which the 
groove is formed. 

Alternatively, (5) it is characterized in that, in the 
electrode in means (1) or (4) above, the formed groove is lin- 
1 5 ear . 

Alternatively, (6) it is characterized in that, in the 
electrode in means (1) or (5) above, the formed groove in the 
electrode is configured by at least two groove groups of a 
groove group consisting of a series of grooves which are di- 

20 rected in one direction in an electrode face, and a groove 
group consisting of a series of grooves which are directed in 
a direction different from the above direction. 

Alternatively, (7) a cell is characterized in that it 
comprises the electrodes of one of means (1) to (6) above. 

25 Alternatively, (8) the cell is characterized in that, in 



a cell configured by a positive electrode, a negative elec- 
trode, and an electrolyte retaining layer, at least one of 
interfaces each formed by two of the positive electrode, the 
negative electrode, and the electrolyte retaining layer is 
bonded by an adhesive layer containing fine particles, and at 
least one of the positive and negative electrodes has the 
groove of means (2) to (6) above. 

Alternatively, (9) it is characterized in that the posi- 
tive and negative electrodes of the cell of one of means (2) 
to (8) above are fixed by the electrolyte retaining layer in- 
terposed between the electrodes. According to means (9), in 
the case of a non-aqueous electrolyte secondary cell or the 
like, the electrodes are fixed to the electrolyte retaining 
layer, whereby diffusion of an electrolyte solution and gas 
extraction are prevented from being further impaired. In some 
non-aqueous electrolyte secondary cells, the positive electrode 
must be opposed to the negative electrode. In this case, it 
is preferable to form a groove, only in an opposed face of the 
positive electrode. 

Furthermore, (10) it is characterized in that a power 
generating element of one of the cells of (7) to (9) above is 
housed in a cell container in which a laminate sheet of a metal 
and a plastic is a component. According to means (10) , when 
the electrodes are fixed to the electrolyte retaining layer and 
the power generating element is integrated, there arises no 
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fear that, even when the power generating element is housed in 
a flexible sheet-like cell container, the inter-electrode dis- 
tance is used or the overlapping of the electrodes and the 
separator is misaligned. Therefore, the cell container can be 
5 formed as a container which is thin, light, and economical. 

Alternatively, (11) it is characterized in that the elec- 
trode is produced by a grooving method and a technique of the 
method in which a rotating mechanism wherein a projection is 
formed on a curved surface of a roll is provided, an electrode 

10 plate that is moved so as to be simultaneously contacted with 
the roll is disposed, and, when the groove is contacted with 
the electrode plate, a groove is formed, and which is charac- 
terized in that a work is conducted by pressing the electrode 
plate by the roll . 

15 Alternatively, (12) it is characterized in that the elec- 

trode is produced by a grooving method and a technique of the 
method in which a rotating mechanism wherein a projection is 
formed on a curved surface of a roll is provided, an electrode 
plate that is moved so as to be simultaneously contacted with 

2 0 the roll is disposed, and, when the groove is contacted with 
the electrode plate, a groove is formed, and which is charac- 
terized in that a grooving work is conducted by pressing the 
electrode plate by the roll, and also by heating the electrode 
plate by a heating mechanism. 

25 Alternatively, (13) it is characterized in that the elec- 
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trode is produced by a grooving method and a technique of the 
method in which a rotating mechanism wherein a projection is 
formed on a curved surface of a roll is provided, an electrode 
that is moved so as to be simultaneously contacted with the 
5 roll is disposed, and, when the groove is contacted with the 
electrode, a groove is formed, and which is characterized in 
that, when the electrode is pressed by the roll, a depth of the 
projection and a pressing force are adjusted so that a portion 
of the roll surface other than the projection is contacted with 

10 the electrode. 

In a cell of the prior art, the groove shape and the num- 
ber of grooves in the face of the active material, and the like 
which are optimum from the viewpoint of the evaporation rate 
are not known . For the groove shape , the number of grooves , 

15 and the like, therefore, influence on the drying time has been 
studied. As a result, the shape, the number of grooves, and 
the like which are preferable are revealed, and the drying time 
can be shortened by the means described above. It has been 
confirmed that a groove produced by such means can function 

2 0 also as a groove for impregnation with an electrolyte solution. 

The means described above correspond to a cell including 
a production step of evaporating a solvent or that of impreg- 
nating with (pouring) an electrolyte solution because of the 
above-mentioned reason, and is effective particularly in a cell 

15 of the bond type as described above. In the view points of 



drying of cell members and pouring of an electrolyte solution, 
the means are effective also in a cell of another type. Irre- 
spective of whether bonding is conducted or not, the means can 
be applied to: an organic electrolyte solution lithium ion 
cell, a solid electrolyte lithium ion cell, a gel electrolyte 
lithium ion cell, and other lithium cells which are non-aqueous 
electrolyte cells; primary and secondary cells which uses an 
aqueous electrolyte solution; etc. 

Brief Description of Drawings 

Fig. 1 is a perspective view showing one embodiment of the 
invention, and showing one positive electrode and separators 
which are to be placed on and below the electrode; 

Fig. 2 is a perspective view showing the one embodiment 
of the invention, and showing the one positive electrode onto 
upper and lower faces of which the separators are fixed; 

Fig. 3 is a perspective view showing the one embodiment 
of the invention, and of a non-aqueous electrolyte secondary 
cell in which a power generating element is sealed by an alumi- 
num laminate sheet; 

Fig. 4 is a longitudinal section view showing the one 
embodiment of the invention, and showing the structure of a 
power generating element of the non-aqueous electrolyte secon- 
dary cell; 

Fig. 5 is a section view showing Example 1 of the inven- 
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tion, and of an electrode which has undergone a grooving work; 

Fig. 6 is a section view showing Example 1 of the inven- 
tion, and of an electrode which has undergone a grooving work 
at slightly shifted positions; 
5 Fig. 7 is a plan view showing Example 2 of the invention, 

and of a groove pattern for a grooving work; 

Fig. 8 is a view showing Example 2 of the invention, and 
showing relationships between the drying time in production of 
a cell and the discharge capacity in the case where a positive 
10 active material layer having a predetermined thickness on one 
face was formed on each of the faces of a positive collector 
plate and the widths of grooves formed in the surface were 
changed ; 

Fig. 9 is a view showing Example 2 of the invention, and 
15 showing a result of a study on the depth of a groove formed in 
the surface of the positive active material layer, with respect 
to the drying time and the discharge capacity; 

Fig. 10 is a view showing Example 2 of the invention, and 
showing influence of the depth of a groove formed in the sur- 
2 0 face of the active material layer, on the drying time and the 
discharge capacity; 

Fig. 11 is a plan view showing Example 3 of the invention, 
and showing a groove pattern of an electrode which has under- 
gone a grooving work; 
25 Fig. 12 is a plan view showing Example 4 of the invention, 
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and showing a groove pattern of an electrode which has under- 
gone a grooving work; and 

Fig. 13 is a plan view showing Example 4 of the invention, 
and showing a groove pattern of an electrode which has under- 
gone a grooving work. 

Best Mode for Carrying Out the Invention 

Hereinafter, an embodiment of the invention will be de- 
scribed with reference to the drawings, and with focusing on 
a lithium ion cell which is currently intensively developed 
mainly for a portable apparatus . The invention can be applied 
both of positive and negative electrodes. An embodiment of the 
invention showing an example in which one of positive and nega- 
tive electrodes is used can be applied also to the other elec- 
trode. An example in which a separator is used as an electro- 
lyte retaining layer will be described. An electrolyte retain- 
ing layer may be configured by a porous material consisting of 
fine particles of magnesium oxide, silicon dioxide, aluminum 
nitride, or the like. 

Figs. 1 to 4 show an embodiment of the invention. Fig. 
1 is a perspective view showing one positive electrode and 
separators which are to be placed on and below the electrode, 
Fig. 2 is a perspective view showing the one positive electrode 
onto upper and lower surfaces of which the separators are 
fixed, Fig. 3 is a perspective view of a non-aqueous electro- 
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lyte secondary cell in which a power generating element is 
sealed by an aluminum laminate sheet, and Fig. 4 is a longitu- 
dinal section view showing the structure of the power generat- 
ing element of the non-aqueous electrolyte secondary cell . 
5 In the embodiment, a non-aqueous electrolyte secondary 

cell in which a power generating element 1 of the layer built 
type is sealed by covering it with an aluminum laminate sheet 
2 as shown in Fig. 3 will be described. As shown in Fig. 4, 
the power generating element 1 is configured by stacking posi- 
10 tive electrodes 11, negative electrodes 12, and separators 13 
which are plural and square. In this case, the positive and 
negative electrodes 11 and 12 are alternately arranged one by 
one, and the separators 13 are respectively interposed between 
the positive and negative electrodes 11 and 12. In the non- 
15 aqueous electrolyte secondary cell of the embodiment, the posi- 
tive electrodes 11 must be opposed to the corresponding nega- 
tive electrodes 12. Therefore, the positive electrodes 11 are 
formed so as to be slightly smaller in size than the negative 
electrodes 12, and the upper and lower end electrodes of the 
20 stacked structure are the negative electrodes 12. In order to 
ensure insulation, the separators 13 are formed so as to be 
equal in size to the negative electrodes 12, and disposed also 
above and below the negative electrodes 12 at the upper and 
lower ends of the stacked structure. The positive electrodes 
2 5 11, the negative electrodes 12, and the separators 13 are fixed 
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to one another at adjacent opposed faces so as to integrate the 
power generating element 1 . 

As shown in Fig. 1, the positive electrode 11 is a square 
thin plate in which a positive active material layer (positive 
5 mixture layer) lib such as a lithium cobalt complex oxide is 
applied to upper and lower faces of a positive collector plate 
11a configured by an electrically conductive metal plate or the 
like, and then dried so as to be carried thereon. In the upper 
and lower faces of the positive electrode 11, plural linear 

10 grooves 11c which reaches both the edges of the square are 
formed in parallel and at equal intervals. The grooves 11c are 
formed by slightly denting the surfaces of the positive active 
material layers lib. For example, the positive active material 
layer lib of a thickness of 140 fim is formed on each of the 

15 upper and lower faces of the positive collector plate 11a, and 
the layers are linearly roll -pressed from the upper and lower 
sides, thereby pressing the pressed portion to a thickness of 
about 100 jim. As a result, the grooves 11c of a depth of about 
40 \xm are formed at the same positions of the upper and lower 

2 0 faces. Alternatively, the grooves 11c may be formed by con- 
trolling the thickness during a process of applying the posi- 
tive active material layers lib. In the case where the posi- 
tive collector plate 11a serving as a substrate for carrying 
the positive active material layers lib has a thickness of a 

2 5 certain degree, the grooves may be formed by previously forming 
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dents in the positive collector plate. The grooves 11c are not 
required to be linear as far as at least one end of each groove 
reaches an end portion of the positive electrode 11. In place 
of forming plural grooves in parallel , grooves may be longitu- 
5 dinally and latitudinally formed in a lattice-like shape, or 
radially formed. 

The separator 13 is a square sheet of a microporous plas- 
tic film or the like. As described above, the separator is 
slightly larger in size than the positive electrode 11. As 

10 shown in Fig. 2, an adhesive agent such as PVDF is applied to 
the upper and lower faces of the positive electrode 11, and the 
separators are then bonded to the positive electrode, whereby 
the separators are fixed to the positive electrode. The nega- 
tive electrode 12 shown in Fig. 4 is a square thin plate in 

15 which a negative active material mixture having a host material 
such as graphite that can intercalate and deintercalate lithium 
ions, and a binding agent is applied to an negative collector 
plate. Although not shown in Figs. 1 and 2, the separators 13 
are similarly fixed to both the faces of the negative electrode 

2 0 12, so that the positive electrodes 11 and the negative elec- 
trodes 12 are alternately stacked via the separators 13 as 
shown in Fig. 4. 

As shown in Fig. 3, the power generating element 1 is 
covered by the aluminum laminate sheet 2 having barrier proper- 

2 5 ties, and the periphery except a portion is first sealed. In 
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this case, the sealing is surely conducted under the state 
where tip ends of leads 3 which are respectively connected to 
the positive and negative electrodes 11 and 12 of the power 
generating element 1 are protruded from gaps between the lami- 
5 nated aluminum laminate sheet 2. Next, evacuation is conducted 
by, for example, placing the aluminum laminate sheet 2 in a 
chamber, whereby air is extracted from the interior of the 
power generating element 1 . A non-aqueous electrolyte solution 
is poured into the aluminum laminate sheet 2. Then, a prelimi- 

10 nary charging process is performed via the leads 3, so that gas 
is generated between the electrodes 11 and 12. Thereafter, 
evacuation is again conducted so as to extract the gas. The 
aluminum laminate sheet 2 is then completely sealed to hermeti- 
cally seal the interior, thereby completing the non-aqueous 

15 electrolyte secondary cell. In the non-aqueous electrolyte 
secondary cell of the embodiment, the positive electrodes 11, 
the negative electrodes 12 , and the separators 13 are fixed to 
one another to integrate the power generating element 1 ♦ Even 
when the power generating element 1 is not pressed by fastening 

20 with a tape or the like or housing in a cell container or the 
like, therefore, it is possible to eliminate a fear that the 
inter-electrode distance between the electrodes 11 and 12 is 
changed or the overlapping of the electrodes 11 and 12 and the 
separators 13 is misaligned. As a result, the power generating 

2 5 element can be housed in the flexible aluminum laminate sheet 



2 . In the non-aqueous electrolyte secondary cell of the em- 
bodiment, a gas is generated between the positive electrodes 
11 and 12, only in an initial charging process. Consequently, 
a preliminary charging process must be performed before the 
aluminum laminate sheet 2 is completely sealed, so as to previ- 
ously extract the gas . The non-aqueous electrolyte secondary 
cell may be housed in a card type outer case so as to be used 
as a secondary cell of the card type. In Figs. 1, 2, and 4, 
in order to facilitate the understanding of the configuration 
of the power generating element 1, the positive electrodes 11, 
the negative electrodes 12, and the separators 13 are shown so 
as to have a thickness which is larger than the actual one. 

In the non-aqueous electrolyte secondary cell having the 
above-described configuration, the electrodes 11 and 12 and the 
separators 13 of the power generating element 1 are fixed to 
one another by the adhesive agent. When a non-aqueous electro- 
lyte solution is poured, therefore, the electrolyte solution 
cannot penetrate the interior of the power generating element 
1 with passing between the electrodes 11 and 12 and the separa- 
tors 13. Since a microporous plastic film or the like is used 
as the separators 13, a non-aqueous electrolyte solution hardly 
penetrates into the separators as compared with the case of 
non-woven fabric or the like. Since the plural grooves 11c are 
formed in the positive electrodes 11, however, a non-aqueous 
electrolyte solution A shown in Fig. 2 penetrates the interior 



through the grooves 11c which are opened in a side face of the 
power generating element 1, and rapidly penetrates into the 
positive active material layers lib of the positive electrode 
11 and the separator 13 in the surrounding, and also into the 
negative active material mixture layer of the negative elec- 
trode 12 which is opposed via the separator 13. Also in the 
evacuation process before the pouring of the non-aqueous elec- 
trolyte solution A, and in the evacuation after the preliminary 
charging process, the air in the power generating element 1 and 
the gas generated in the preliminary charging process can be 
rapidly extracted through the grooves 11c of the power generat- 
ing element 1. Also when the positive electrode 11 and the 
separator 13 are bonded to each other with an adhesive agent 
and then dried, a solvent of the adhesive agent can rapidly 
evaporate through the grooves 11c. 

It is seemed that, even when grooves are formed in the 
surface of the separator 13 in place of the positive electrode 
11, the same effects can be attained. When grooves are to be 
formed in the separator 13, the separator 13 must be formed so 
as to have a thickness which is larger than a certain value. 
This causes the distance between the electrodes 11 and 12 to 
be excessively prolonged. Therefore, this configuration is not 
suitable for a practical use. 

As described above, according to the non-aqueous electro- 
lyte secondary cell of the embodiment, the diffusion rate of 



the non-aqueous electrolyte solution into the power generating 
element 1 is improved, and the gas extraction from the power 
generating element 1 can be rapidly performed. Consequently, 
the time for a work of pouring a non-aqueous electrolyte solu- 
tion, and that of evacuation can be shortened, so that the 
productivity can be improved. Since the diffusion of a non- 
aqueous electrolyte solution, the gas extraction, and the dry- 
ing of a solvent can be rapidly performed, the productivity is 
not lowered even when the electrodes 11 and 12 and the separa- 
tors 13 are fixed to one another to integrate the power gener- 
ating element 1. Consequently, the power generating element 
1 can be housed in the flexible aluminum laminate sheet 2 , so 
that the cell container can be made thin, light, and economi- 
cal . 

In the above embodiment, the case where the positive elec- 
trodes 11, the negative electrodes 12, and the separators 13 
are fixed to one another has been described. Even when these 
components are not fixed to one another, almost no gap is 
formed among them, and hence the formation of grooves in the 
electrodes enables the electrolyte solution to be rapidly dis- 
persed. In the above embodiment, the case where the power 
generating element 1 is housed in the flexible aluminum lami- 
nate sheet 2 has been described. The container is not re- 
stricted to this. The power generating element may be housed 
in another flexible sheet-like cell container, or in a tough 



cell container configured by a metal can or the like. 

In the above embodiment, the grooves 11c are formed only 
in the positive electrode 11. When there arises no circum- 
stances that the positive electrode 11 must be opposed to the 
negative electrode 12, the grooves may be formed also in the 
negative electrode 12 . The grooves may be formed only in the 
negative electrode 12. In the above embodiment, the non- 
aqueous electrolyte secondary cell has been described. The 
invention is not restricted to this, and may be similarly exe- 
cuted also in a primary cell or another secondary cell . The 
configuration of the positive electrodes 11, the negative elec- 
trodes 12, and the separators 13 may be arbitrarily changed in 
accordance with the kind of the cell. 

Example 1 

Figs. 5 and 6 show Example 1 of the invention and are 
section views of electrodes which have undergone a grooving 
work, and Fig. 7 is a plan view of a groove pattern for a 
grooving work in Example 2 . 

In the positive electrode 11, the positive active material 
layer (positive mixture layer) lib having a predetermined 
thickness on one face is formed on each of the faces of the 
positive collector plate 11a configured by, for example, alumi- 
num foil. The grooves 11c having a rectangular section shape 
(the section shape is not restricted to a rectangle) are formed 
in the surface of the positive active material layer lib, so 



as to be continuous in the surface of the positive active mate- 
rial layer lib from one end portion of the electrode plate 11 
to the opposed end portion* The positive active material layer 
was formed by applying and drying a mixture which was obtained 
by mixing 90 wt.% of a positive active material, 4 wt.% of 
acetylene black as a conductive agent, and 6 wt.% of FVDF as 
a binding agent, and making the mixture into a pasty state by 
adding an appropriate amount of N-methylpyrolidone as a sol- 
vent. In the example, LiCo0 2 was used as the positive active 
material . 

In the positive electrode 11 of Example 1, the thickness 
of the positive collector plate 11a was 20 |im, the thickness 
of each positive active material layer lib was 90 jim, the width 
was 150 mm, and the length was 100 mm. In the grooves 11c, the 
depth was 50 jam, the width was 0.3 mm, and the center- to-center 
distance between the grooves was 5 mm. 

The negative electrode was formed by applying a mixture 
to both the faces of a negative collector configured by copper 
foil of 10 urn, and then drying the mixture. The mixture was 
obtained by mixing 94 wt.% of graphite, and 6 wt.% of FVDF as 
a binding agent, and making the mixture into a pasty state by 
adding an appropriate amount of N-methylpyrolidone as a sol- 
vent. In the negative electrode, the width was 160 mm, and the 
length was 110 mm. 

The separator is a microporous film of polyethylene and 
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having a thickness of 25 jim, and 160 mm x 110 mm. 

As shown in Fig. 6, it is not required to make the posi- 
tions of* the corresponding grooves in both the faces of the 
positive active material layer lib coincident with each other. 
In the groove pattern of the grooves 11c in the surface of the 
electrode, as shown in Fig. 7 , many grooves 11c are formed so 
as to elongate in parallel. As the method of forming the 
grooves 11c, any working method including a mechanical working 
such as a die working, a press working, and a laser working may 
be employed. In the example, the grooves 11c were formed by 
a press working. The positive electrode, the separator 13 made 
of polyethylene, and the negative electrode were bonded to- 
gether in this sequence by using FVDF (polyvinyl idene fluoride) 
which was dissolved in NMP (N-methylpyrrolidone) , as an adhe- 
sive agent. After the application of the adhesive agent, the 
electrode member consisting of the positive electrode 11, the 
separator 13, and the negative electrode was placed in a vacuum 
dryer which was set to a temperature of 80°C, and then evacu- 
ated. The timing when the electric resistance between the 
electrode plates reached 100 megaohms was used as an index of 
the end of the drying. As compared with a similar electrode 
member in which the grooves 11c were not formed, the drying 
time for the electrode member in which the grooves 11c were 
formed was able to be shortened from 150 minutes to 30 minutes. 
As a result, the productivity of the cell production was re- 



markably improved, 

A cell was produced in the same configuration and proce- 
dure by using, as an adhesive agent, a mixture which was ob- 
tained by mixing into a solution of PVDF dissolved into NMP, 
50 to 500 weight parts (with respect to PVDF) of alumina parti- 
cles of a mean particle diameter of 0.01 ^im per 100 weight 
parts of PVDF. Also the cell attained the same result. The 
alumina particles constitute a filler which forms a porous 
adhesive layer having a thickness of about 0.1 jim to 20 jxm 
after drying. The alumina particles may be either of secondary 
particles or sintered particles. The particles are not re- 
stricted to alumina. For example, magnesium oxide, aluminum 
nitride, silicon dioxide, or the like may be used. 

Example 2 

Fig . 8 is a view showing relationships between the drying 
time of an electrode in production of a cell and the discharge 
capacity of a cell which was produced by using the electrode 
in the case where a positive active material layer (for exam- 
ple, LiCo0 2 was used as a positive active material) lib having 
a predetermined thickness on one face was formed on each of the 
surfaces of the positive collector plate 11a and the widths of 
the grooves 11c formed in the surfaces of the positive active 
material layers lib were changed. 

In Example 2, the positive electrode 11 which was produced 
in Example 1 shown in Figs. 5 and 7 was used. Namely, as the 



positive electrode 11 an electrode was used in which the posi- 
tive active material layer lib having a thickness of 90 fim on 
one face was formed on both the faces of the positive collector 
plate 11a configured by aluminum foil and having a thickness 
of 20 jam, the width was 150 mm, and the length was 100 mm. For 
the positive electrode 11, the depth and the widths of the 
grooves were changed. 

The grooves 11c formed in the surfaces of the positive 
active material layers lib were formed so as to be continuous 
from one end portion of the electrode 11 to the opposed end 
portion in the surfaces of the positive active material layers 
lib. While changing the widths of the grooves 11c, the time 
period required for drying and the discharge capacity were 
measured. As described above, any working method including a 
mechanical working such as a die working, a press working, or 
a laser working may be employed as the method of forming the 
grooves 11c. In the example, a layer built cell was produced 
by using the positive electrode 11 in which the grooves 11c 
were formed by a press working. The negative electrode and the 
separator were the same as those of Example 1. An electrode 
member to which a positive electrode having a lead, a separa- 
tor, and a negative electrode having a lead were placed in a 
bag-like aluminum laminate sheet and an opening is closed by 
thermal fusion, thereby producing a cell. As an organic elec- 
trolyte solution, an organic electrolyte solution of EC + DEC/1 
: 1 and containing 1 mol/1 of LiPF 6 was used. The positive 
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collector plate 11a, the separator 13, and the negative elec- 
trode were bonded together by using PVDF (polyvinyl idene fluo- 
ride) which was dissolved in NMP (N-methylpyrrolidone) , as an 
adhesive agent. After the application of the adhesive agent, 
the positive electrode 11, the separator 13, and the negative 
electrode which were bonded together were placed in a vacuum 
dryer which was set to a temperature of 80°C, and then evacu- 
ated. The drying was ended at the timing when the electric 
resistance between the electrode plates reached 100 megaohms . 

When a test was conducted under the above-mentioned condi- 
tions, as shown in Fig. 8, the drying time tends to be pro- 
longed when the widths of the grooves 11c are not larger than 
0.1 mm, and, when the groove widths exceeded 0.8 mm, the dis- 
charge capacity was reduced. From the experimental results, 
it was proved that a groove width which is not smaller than 0.1 
mm and not larger than 0.8 mm is preferable. 

Results of studies on the effect of the depths of the 
grooves 11c with respect to the drying time in Example 2 are 
shown in Fig. 9. From Fig. 9, it was proved that a depth of 
10 urn or more is effective in the drying time. Results of 
studies on the effect of the sectional areas of the grooves 11c 
with respect to the drying time are shown in Fig. 10. The 
sectional area is indicated as a ratio of the total area of the 
openings formed by the grooves 11c in a section which perpen- 
dicularly crosses the grooves 11c, to the sectional area of the 
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active material lay r. From Fig* 10, it was proved that the 
drying time is shorter as the sectional area is larger. Fur- 
thermore, relationships between the sectional areas of the 
grooves 11c and the cell properties (the charge/discharge ca- 
5 pacity) were studied. As a result, it was revealed that the 
charge/discharge capacity is lower as the sectional area . is 
larger . 

From the above, it was revealed that, for conditions un- 
der which the drying time can be shortened while maintaining 

10 a charge/discharge capacity of a certain level or higher, in 
order to realize, for example, drying of 20 minutes or shorter 
while obtaining a charge /discharge capacity of 60 mAh or 
higher, a design is preferably conducted so that the range of 
the sectional area is 0.002 to 0.08. 

15 Example 3 

In Example 3, the positive electrode 11 is used which was 
produced by forming the positive active material layer lib 
having a thickness of 90 jjjti on one face, on both the faces of 
the positive collector plate 11a configured by aluminum foil 

2 0 of a thickness of 20 jjjti, and the rectangular grooves 11c of a 
width of 150 mm, a length of 100 mm, a depth of 50 jxm, and a 
width of 0.3 mm so as to be linear and continuous from one end 
portion of the electrode 11 to the opposed end portion in the 
surfaces of the positive active material layers lib. As shown 

25 in Fig. 11, among the groove groups 11c, 11c, ... which are 
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continuous, grooves adjacent to each other were formed so that 
the grooves reach only one of opposed end portions of the elec- 
trode and the opposite sides of the grooves are stopped halfway 
so as not to reach the end portions of the electrode. Plural 
5 grooves 11c are formed so that the center-to-center distance 
between the grooves in the surface of the electrode is 10 mm. 

As described above, as the method of forming the grooves 11c, 
any working method including a mechanical working such as a die 
working, a press working, and a laser working may be employed. 

10 In the example, a layer built cell was produced by using the 
electrode 11 in which the grooves 11c were formed by a press 
working. In this case, the positive electrode 11, the separa- 
tor 13, and the negative electrode were bonded together by 
using PVDF (polyvinyl idene fluoride) which was dissolved in NMP 

15 (N-methylpyrrolidone) , as an adhesive agent. After the applica- 
tion of the adhesive agent, the positive electrode 11, the 
separator 13, and the negative electrode which were bonded 
together was placed in a vacuum dryer which was set to a tem- 
perature of 80°C, and then evacuated. The drying was ended at 

20 the timing when the electric resistance between the electrode 
plates reached 100 megaohms. The materials and the like of the 
positive electrode, the negative electrode, the separator, and 
the cell were the same as those of Example 1. 

In Example 3, the electrode 11 in which the grooves are 

2 5 alternately connected to the end portions of the electrode, and 



the electrode 11 in which all grooves are connected to the end 
portions of the electrode were compared with each other with 
respect to drying time. The drying time of the latter elec- 
trode 11 in which all grooves are connected to the end portions 
of the electrode was shorter than that of the former electrode. 
From the view point of the drying time, the groove working 
method for the latter electrode 11 was superior. From the view 
point of the mechanical strength of the positive electrode 11 
such as the bending strength, however, the former is superior 
to the latter, and the handling of the electrode can be im- 
proved. As a result, the productivity of the cell production 
was improved. In both the cases, it was proved that the drying 
time is shortened as compared with an electrode in which no 
grooves were formed, and both the methods are preferable as a 
groove working method. 
Example 4 

In Example 4, the positive electrode 11 is used which was 
produced by forming the positive active material layer lib 
having a thickness of 90 (am on one face, on both the faces of 
the positive collector plate 11a configured by aluminum foil 
of a thickness of 20 nm, and the rectangular grooves 11c of a 
width of 150 mm, a length of 100 mm, a depth of 50 Jim, and a 
width of 0.3 mm so as to be linear and continuous from one end 
portion of the electrode 11 to the opposed end portion in the 
surfaces of the positive active material layers lib. Plural 



grooves 11c are formed so that the center- to-center distance 
between the grooves in the surface of the electrode is 5 mm. 

In the example, as shown in Fig. 12, the grooves 11c were 
formed so that a series of groove groups perpendicularly cross 
one other. Therefore, the groove groups 11c constitute lat- 
tice-like grooves on the surface of the electrode. In this 
case, the grooves 11c are not required to have a pattern in 
which grooves in two directions perpendicularly cross one 
other, and may have a pattern such as shown in Fig. 13. In a 
cell of the wound type, particularly, the pattern of Fig. 13 
in which no grooves 11c that are close to an angle of 90 de- 
grees with respect to the winding direction of the cell are 
formed is superior from the view point in that the electrode 
is prevented from being cut from the groove 11c during the 
winding process. As described above, as the method of forming 
the grooves, any working method including a mechanical working 
such as a die working, a press working, and a laser working may 
be employed. In the case of a press working, a pressing opera- 
tion may be conducted plural times for grooves of different 
directions. Alternatively, a die roll in which the shape of 
grooves to be formed is engraved is previously formed, and the 
grooves may be formed by a single pressing operation. In Exam- 
ple 4, a layer built cell was produced in the same manner as 
Example 1 by using the positive electrode 11 in which grooves 
were formed by a press working. In this case, the positive 
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electrode 11 , the separators 13, and the negative electrode 
were bonded together by using PVDF (polyvinyl! dene fluoride) 
which was dissolved in NMP (N-methylpyrrolidone) , as an adhe- 
sive agent. After the application of the adhesive agent, the 
5 positive electrode 11, the separator 13, the negative electrode 
12 , and the like which were bonded together were placed in a 
vacuum dryer which was set to a temperature of 80°C, and then 
evacuated. The drying was ended at the timing when the elec- 
tric resistance between the electrode plates reached 100 
1 0 megaohms . 

According to Example 4 described above, as compared with 
an electrode member in which no grooves were formed, the drying 
time for the electrode member in which the grooves 11c were 
formed was able to be shortened from 150 minutes to 25 minutes. 
15 As a result, the productivity of the cell production was re- 
markably improved. The configurations, materials, and the like 
of the positive electrode, the negative electrode, the separa- 
tor, and the cell were the same as those of Example 1. 
Example 5 

20 In Example 5, the positive electrode 11 is used which was 

produced by forming the positive active material layer lib 
having a thickness of 90 jxm on one face, on both the faces of 
the positive collector plate 11a configured by aluminum foil 
of a thickness of 20 nm, and the rectangular grooves 11c of a 

25 width of 150 mm, a length of 100 mm, a depth of 50 urn, and a 



width of 0.3 mm so as to be linear and continuous from one end 
portion of the electrode 11 to the opposed end portion in the 
surfaces of the positive active material layers lib. Plural 
grooves 11c are formed so that the center- to-center distance 
between the grooves in the surface of the electrode is 10 mm. 

The groove shape was formed so that the groove width is gradu- 
ally increased as moving from the center portion of the elec- 
trode toward an end portion of the electrode. On the other 
hand, also the positive electrode 11 was produced in which the 
groove shape was formed so that the depth is gradually in- 
creased as moving from the center portion of the electrode 
toward an end portion of the electrode. As the method of form- 
ing the grooves 11c, any working method including a mechanical 
working may be employed. In Example 5, a layer built cell was 
produced in the same manner as Example 1 by using the positive 
electrode 11 in which grooves were formed by a press working. 
In this case, the positive electrode 11, the separators 13, and 
the negative electrode were bonded together by using PVDF 
(polyvinyl idene fluoride) which was dissolved in NMP (N- 
methylpyrrolidone) , as an adhesive agent. After the applica- 
tion of the adhesive agent, the positive electrode 11, the 
separator 13, the negative electrode 12, and the like which 
were bonded together were placed in a vacuum dryer which was 
set to a temperature of 80°C, and then evacuated. The drying 
was ended at the timing when the electric resistance between 
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the electrode plates reached 100 megaohms . 

According to Example 5 described above, as compared with 
an electrode member in which the groove width or the depth in 
the electrode surface is not changed, the drying time for the 
electrode member in which both the groove width and the depth 
in the electrode surface become larger as moving toward the end 
of the electrode was able to be shortened from 35 minutes to 
28 minutes. As a result, the productivity of the cell produc- 
tion was improved. The configurations, materials, and the like 
of the positive electrode, the negative electrode, the separa- 
tor, and the cell were the same as those of Example 1. 

Example 6 

In Example 6, the positive electrode 11 is used which was 
produced by forming the positive active material layer lib 
having a thickness of 90 |im on one face, on both the faces of 
the positive collector plate 11a configured by aluminum foil 
of a thickness of 20 |im, and the rectangular grooves 11c of a 
width of 150 mm, a length of 100 mm, a depth of 50 |im, and a 
width of 0.3 mm so as to be linear and continuous from one end 
portion of the electrode plate 11 to the opposed end portion 
in the surface of the positive active material lib. Plural 
grooves 11c are formed so that the center- to-center distance 
between the grooves in the surface of the electrode is 5 mm. 
As described above, as the method of forming the grooves, any 
working method including a mechanical working such as a die 
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working , a press working, and a laser working may be employed. 
In Example 6 of the invention, a linear projection pattern was 
produced in a stainless steel die roll having a diameter of 400 
mm and a length of 400 mm, by an engraving method. The projec- 
5 tion pattern was set to have a pitch of 5 mm, a width of 0.3 
mm, and a depth of 0.05 mm. Two rolls which had undergone the 
working of the projection pattern were prepared. The positive 
electrode 11 in which the positive active material lib was 
formed on both the faces of the positive collector plate 11a 

10 was passed between the two rolls, whereby the grooves 11c were 
simultaneously formed in both the faces of the active material 
layer. A layer built cell was produced in the same manner as 
Example 1 by using the positive electrode 11 in which the 
grooves 11c were formed by a groove working using the rolls. 

15 In this case, the positive electrode 11, the separators 13, and 
the negative electrode were bonded together by using PVDF 
(polyvinyl idene fluoride) which was dissolved in NMP (N- 
methylpyrrolidone) , as an adhesive agent. After the applica- 
tion of the adhesive agent, the positive electrode 11 and the 

2 0 separator 13 which were bonded together were placed in a vacuum 
dryer which was set to a temperature of 80°C, and then evacu- 
ated. The drying was ended at the timing when the electric 
resistance between the electrode plates reached 100 megaohms. 
It is suitable to apply a pressure of 25 to 250 kgf/cm (per the 

2 5 width of the electrode) . 
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According to Example 6 described above, as compared with 
an electrode member in which the groove width or the depth in 
the electrode surface is not changed, the drying time was able 
to be shortened from 150 minutes to 30 minutes. As a result, 
the productivity of the cell production was improved. The 
configurations, materials, and the like of the positive elec- 
trode, the negative electrode, the separator, and the cell were 
the same as those of Example 1 . 

Example 7 

In Example 7 , a cell was produced while groove working was 
conducted in the same manner as Example 6 except that only the 
depths of the projection pattern of the rolls were set to be 
0.1 mm. As compared with the case of the groove depth of 0.05 
mm, the depths of the grooves which were actually formed in the 
electrode were not largely changed. In the case of the groove 
width of 0.1 mm, however, the electrode in which grooves were 
formed had no flatness and was bent at a portion of the groove 
11c. Therefore, it is seemed that the bending can be sup- 
pressed by reducing the groove depth of the rolls so as to 
allow the portions of the rolls other than the projections to 
abut against the electrode. 

Although the power generating element 1 of the layer built 
type has been described in the embodiment and the examples 
described above, the invention can be similarly executed also 
in a power generating element of another structure, such as 



that of the wound type. 



Industrial Applicability 

As apparent from the above description, according to the 
cell of the invention, a poured electrolyte solution rapidly 
penetrates the interior of the power generating element along 
the groove of the electrode. Therefore, the diffusion rate of 
an electrolyte solution can be improved. Also when the elec- 
trode is fixed to the separator and the power generating ele- 
ment is integrated, the diffusion of an electrolyte solution 
and the gas extraction are prevented from being impaired. This 
integration of the power generating element enables a flexible 
sheet-like cell container to be used. Therefore, a reduced 
thickness, a small size, and a light weight of a cell can be 
realized, and the invention can contribute to a reduced produc- 
tion cost. Since a solvent of the adhesive agent layer can be 
rapidly evaporated, the drying time is shortened and hence it 
is possible to obtain a cell of excellent productivity. Even 
when the groove has a shape in which the groove bottom portion 
has a flat portion, furthermore, the drying time can be short- 
ened. More preferably, the length of the flat portion is at 
least 10% of the groove depth. 



